A novel bacterial strain, designated strain BS27 T , was isolated from mushroom compost and subjected to a taxonomic study using a polyphasic approach. Colonies of BS27
During the course of a study on the bacterial diversity in mushroom compost and screening of b-glucosidasepositive bacteria for ginsenosides-transforming activities, in Daejeon city Korea, a novel milky-white bacterium, designated strain BS27 T , was isolated. The results of 16S rRNA gene sequence and phylogenetic analysis, indicate that BS27
T is closely related to the members of the family Chitinophagaceae within the phylum Bacteroidetes. The family Chitinophagaceae was described by K€ ampfer et al. (2011) . All affiliates of this family share the common feature of being mesophilic; the upper limit of growth temperature of the family is [37] [38] [39] [40] [41] [42] [43] [44] [45] C and the majority of the member cannot even tolerate this temperature. However, recently two novel genera of this family, Thermoflavifilum (Anders et al., 2014) and Crenotalea (Hanada et al., 2014) , have shown significant growth temperature diversity (up to 60 C) at the species level. Members of this family have menaquinone MK-7 as the major quinone and iso-C 15 : 0 , iso-C 17 : 0 3-OH and iso-C 15 : 1 G as the major fatty acids. Some affiliates of the family Chitinophagaceae which have been described recently show phosphatidylethanolamine as the major polar lipid (Siddiqi & Im, 2016a, b; Eder et al., 2015; Albert et al., 2014; Lee et al., 2013; Leandro et al., 2013) . Members of this family are widespread microorganisms commonly isolated from various sources, including purified water (Eder et al., 2015) , wetland (Kang et al., 2016) , estuarine water , rhizosphere soil (Madhaiyan et al., 2015) , hot springs (Anders et al., 2014) , lake water (Albert et al., 2014) and Takakia lepidozioides (Zhao et al., 2014) .
Mushroom compost samples were collected from different places in Daejeon city, Korea. Then, the samples were thoroughly suspended with sterilized water, followed by serial dilution and then were spread onto R2A agar medium (BD). The plates were incubated at 30 C for 7 days. Single colonies were purified by subculture. BS27
T was found and was routinely cultured on R2A agar at 30 C and preserved at À70 C in glycerol suspension (25 %, v/v) .
The genomic DNA of the novel isolate was extracted and purified using a genomic DNA extraction kit (Solgent) and PCR-mediated amplification of the 16S rRNA gene and sequencing of the purified PCR product were carried out according to the protocol of Kim et al. (2015) . A near fulllength sequence of the 16S rRNA gene was compiled using SeqMan software (DNASTAR). The 16S rRNA gene sequences of related taxa were obtained from the GenBank database (http://www.ncbi.nlm.nih.gov/genbank) or [http://www.ezbiocloud.net/eztaxon; Kim et al. (2012) ]. Multiple sequence alignments were performed using the CLUSTAL_X program (Thompson et al., 1997) . Gaps were edited in the BioEdit program (Hall, 1999) . Evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1983) . Using the MEGA6 program (Tamura et al., 2013) with bootstrap values of 1000 replications (Felsenstein, 1985) , the phylogenetic trees were reconstructed with neighbor-joining, maximum-likelihood and maximum-parsimony algorithms (Saitou & Nei, 1987; Felsenstein, 1981; Fitch, 1971) .
The nearly complete 16S rRNA gene sequence of strain BS27 T (1447 nt) was determined and subjected to phylogenetic analysis. Sequence similarity was determined using the EzTaxon-e server (Kim et al., 2012) . Phylogenetic analysis of strain BS27
T indicated that it represented a member of the family Chitinophagaceae (Fig. 1) . Representative species from all the 31 genera of the family Chitinophagaceae were included in the phylogenetic tree reconstruction. Moreover, this relationship was also evident in phylogenetic trees based on the neighbor-joining and maximum-parsimony T with species of all genera of the family Chitinophagaceae with validly published names. The tree was reconstructed using the maximum-likelihood method based on 16S rRNA gene sequences. Bootstrap values (expressed as percentages of 1000 replications) greater than 60 % are shown at branch points. Filled circles indicate that the corresponding nodes were also recovered in the trees generated with neighbour-joining and maximum-parsimony algorithms. Bar, 0.05 substitutions per nucleotide position.
methods. BS27
T showed 16S rRNA gene sequence similarities of less than 90.9 % to those of type species of the genera Chitinophaga, Flavitalea, Flavihumibacter, Lacibacter and other genera of the family Chitinophagaceae. But in the three trees (neighbor-joining, maximum-likelihood and maximum-parsimony) BS27
T was part of a group with the genera Chitinophaga, Crenotalea and Thermoflavifilum.
For the phenotypic and biochemical tests, BS27
T was routinely cultivated on R2A medium. Gram-staining, oxidase and catalase activity and hydrolysis of casein, CM-cellulose, DNA, starch and Tween-80 were determined according to the methods of Smibert & Krieg (1994) . Cell morphology was examined using a scanning electron microscope (SU-3500, Hitachi) and a phase contrast microscope (Nikon) with cells grown for 3 days. Cell motility was determined using the hanging drop method. To check the optimum growth on different media, BS27
T was cultured on R2A agar (BD) nutrient agar (NA, BD), trypticase soy agar (TSA, BD), LB agar (BD) and MacConkey agar (BD) at 30 C for 7 days. Growth at different temperatures (4, 10, 15, 25, 30, 37, 42 C) and various pH values (pH 4-10.0 at intervals of 1.0 pH unit) was evaluated after 7 days incubation at 30 C using the following different buffers (final concentration, 50 mM) in R2A broth. Acetate buffer was used for pH 4.0-5.5, phosphate buffer was used for pH 6.0-8.0 and Tris buffer was used for pH 8.5-10. Similarly, salinity tolerance testing (1-6 % w/v at intervals of 0.5 % unit NaCl) was performed after 1 week of incubation at 30 C on R2A medium. Tests with the commercial systems API ZYM, API 20NE and API ID 32GN (bioMerieux) were performed according to the manufacturer's instructions. Production of flexirubin-type pigment was determined by the reversible colour shift to red, purple or brown when yellow or orange colonies were covered with aqueous 20 % KOH solution (Fautz & Reichenbach, 1980) . Cells were Gram-stain-negative, aerobic, non-motile, nonspore-forming and short-rod-shaped (Fig. S1 , available in the online Supplementary Material). Colonies of BS27 T grown on R2A agar were circular, convex, opaque, and milky-white after 48-72 h incubation at 30 C. BS27 T grew well on R2A medium, weakly on nutrient agar (Difco) and DNase agar, but did not grow on LB agar (BD), trypticase soy agar (BD) and MacConkey agar (Difco). pH range 6-9 4-10 5.5-7.5 5.5-8.7 5.5-8.0 5-8 6-10 6-8.5 5-8
Salinity range for growth (% NaCl, w/v) 0.5-1.5 The genomic DNA of BS27 T was extracted and purified as described by Moore & Dowhan (1995) and enzymatically degraded into nucleosides. The DNA G+C content was then determined as described by Mesbah et al. (1989) , using a reverse-phase HPLC system (Younglin). Cellular fatty acid profiles were determined using cells grown on R2A agar for 2 days at 30 C. The cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI). The fatty acid methyl esters were then analysed by gas chromatography (model 6890; Hewlett Packard) using the Microbial Identification software package with the Sherlock system MIDI 6.1 and the Sherlock aerobic bacterial database (TSBA 6.1) (Sasser, 1990) . Cell biomass of strain BS27 T for analysis of isoprenoid quinones was obtained from cultures grown on R2A broth for 2 days at 30 C. Collected cells were lyophilized for 24 h and were extracted with chloroform/methanol (2 : 1, v/v), evaporated under vacuum, and re-extracted in n-hexane/water (1 : 1, v/v). The crude n-hexane-quinone solution was purified using a Sep-Pak Vac silica cartridge (Waters) and subsequently analyzed by HPLC, as previously described (Hiraishi et al., 1996) . The polar lipid contents were extracted from 100 mg of freezedried cells, examined by two-dimensional TLC and identified as described by Minnikin et al. (1984) .
The G+C content of the novel isolate was 53.0 mol% which was highest value among members of the family Chitinophagaceae (shown in Table 1 ). The major fatty acids of the novel isolate were iso-C 15 : 0 (29.7 %), iso-C 17 : 0 3-OH (22.7 %), summed feature 3 [(C 16 : 1 !7c and/or C 16 : 1 !6c) 13.1 %] and summed feature 4 [(iso-C 17 : 1 I and/or anteiso-C 17 : 1 B) 9.4 %]. The minor fatty acids (>2.0 %) were iso-C 15 : 0 3-OH, anteiso-C 15 : 0 , C 16 : 0 2-OH, C 16 : 0 3-OH and iso-C 17 : 0 . The presence of large amounts of iso-C 17 : 1 I and/or anteiso-C 17 : 1 B (summed feature 4) and some minor 13.1 23.0 2.9 5.6 13.6 4; iso-C 17 : 1 I and/or anteiso-C 17 : 1 B 9.4 -TR -0.7 9; iso-C 17 : 1 !9c and/or C 16 : 0 10 methyl ----1.8 *Summed features represent groups of two or three fatty acids that could not be separated by gas chromatography (GLC) with the MIDI system. fatty acids distinguishes BS27 T from the members of the most closely related genera of the family Chitinophagaceae. Moreover, the differences between cellular fatty acids of BS27 T and related type species ofgenera of the family Chitinophagaceae are summarized in Table 2 . TLC analysis of polar lipids revealed the presence of phosphatidylethanolamine (PE) and five unknown polar lipids (L1, L2, L5, L6 and L7) as major polar lipids and the minor polar lipids were three unidentified polar lipids (L3, L4 and L8) and one unidentified amino-lipid (AL) (Fig. S2) . However, BS27
T has the same major polar lipid (PE) as recently described species of the family Chitinophagaceae (Wang et al., 2012 (Wang et al., , 2013 Lee et al., 2013; Leandro et al., 2013; Glaeser et al., 2013; Anders et al., 2014) . BS27 T contained MK-7 as predominant quinone.
On the basis of phylogenetic position, phenotypic and chemotaxonomic characteristics, a novel taxon in the phylum Table 3 . Differential phenotypic characteristics among Compostibacter gen. nov. and related genera of the family Chitinophagaceae Genera: 1, Strain BS27 T ; 2, Chitinophaga; 3, Lacibacter; 4, Niastella; 5, Cnuella. All data are taken from this study.
All strains are positive for aesculin hydrolysis, esterase, leucine arylamidase, valine arylamidase, acid phosphatase, naphtol-AS-BI-phosphohydrolase, a-glucosidase, b-glucosidase, a-fucosidase and assimilation of L-rhamnose, N-acetyl-glucose, D-sucrose, phenylacetic acid and salicin. Similarly all strains are negative for indole production, arginine dihydrolase, urease, itaconic acid, suberic acid, sodium malonate, sodium acetate, lactic acid, L-alanine, potassium-5-ketogluconate, 3-hydroxybenzoic acid, L-serine, propionic acid, capric acid, valeric acid, potassium-2-ketogluconate, 3-hydroxybutyric acid, 4-hydroxybenzoic acid and potassium gluconate. All data are taken from this study. +, positive; -, negative.
Characteristic 1 2 3 4 5
Enzyme activity Alkaline phosphatase
Bacteroidetes within the family Chitinophagaceae has been created for BS27 T with the name, Compostibacter hankyongensis gen. nov., sp. nov. Phylogenetically the novel isolate is related to the members of the family Chitinophagaceae and shares several common features with members of this family, e.g. MK-7 as major respiratory quinone, phosphatidylethanolamine (PE) as major polar lipid, branched-chain fatty acids with odd numbers of carbons and the presence of a distinctive methoxy-fatty acid (iso-C 17 : 0 3-OH). However, not only is there a significant difference in 16S rRNA gene sequence (<90.9 % similarity) but BS27
T can be distinguished from members of the most closely related genera of the family Chitinophagaceae by the presence of major fatty acid iso-C 17 : 1 I and/or anteiso-C 17 : 1 B (summed feature 4), minor fatty acids and high DNA G+C content (53.0 mol%). The DNA G+C content commonly founded in all described genera and species of the family Chitinophagaceae is below 50.0 mol%.
Description of Compostibacter gen. nov.
Compostibacter (Com.pos.ti.bac' ter. N.L. neut. n. compostum, compost; N.L. masc. n. bacter, rod; N.L. masc. n. Compostibacter, a rod from compost).
Cells are Gram-stain-negative, strictly aerobic and shortrod-shaped. Major respiratory quinone is MK-7. Flexirubin-type pigment is not produced. The G+C content of the genomic DNA is 53.0 mol%. The phenotypic differences between this genus other related genera of the family Chitinophagaceae are summarized in Table 1 . Furthermore, the differential phenotypic characteristics from the most closely related genera Chitinophaga, Lacibacter, Niastella and Cnuella (based on EzTaxon-e analysis), are listed in Table 3 . Phylogenetically, the genus is affiliated to the family Chitinophagaceae, phylum Bacteroidetes. The type species is Compostibacter hankyongensis.
Description of Compostibacter hankyongensis sp. nov.
Compostibacter hankyongensis (han.kyong.en'sis. N.L. masc. adj. hankyongensis pertaining to Hankyong National University Republic of Korea, where taxonomic studies of this taxon were performed).
Possesses the following properties, in addition to those given in the genus description, cells are circular, opaque, milky-white and 0.3-0.5 µm wide and 1.2-2.0 µm long. Growth occurs at 15-37 C (optimum, 30 C), pH 6-9 (optimum, pH 6.0-7.0) and 0.5-1.5 % NaCl (optimum, 0-0.5 % NaCl). Does not hydrolyze Tween-80, starch, casein, xylan, CM-cellulose, and DNase agar. Results of tests for sole carbon source assimilation and enzyme activities are summarized in Table 3 . The predominant fatty acids are iso-C 15 : 0 , iso-C 17 : 0 3-OH, C 16 : 1 !7c and/or C 16 : 1 !6c (summed feature 3) and iso-C 17 : 1 I and/or anteiso-C 17 : 1 B (summed feature 4) as major fatty acids. The major polar lipids are phosphatidylethanolamine (PE) and five unidentified polar lipids (L1, L2, L5, L6 and L7), whereas the minor polar lipids are three unidentified polar lipids (L3, L4 and L8) and one unknown amino-lipid (Al). Tables 1 and 3 show the characteristics used to distinguish this species from other species of related genera.
The type strain, BS27
T (=KACC 18745 T =JCM 17664 T ), was isolated from mushroom compost in the Republic of Korea. The DNA G+C content of the type strain is 53.0 mol%.
